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ABSTRACT
Context. R Coronae Borealis stars (RCBs) are the best candidates to be the products of white dwarf mergers in the intermediate
mass range (0.4 < Mtot < 1.1 M). After a merger, a He envelope surrounds a CO core, and a short-lived supergiant phase starts.
RCBs correspond to that phase. They are known to be hydrogen-deficient and carbon-rich supergiant stars. They are rare; a hundred
are known now in the Galaxy and the Magellanic Clouds. They are also highly diverse in chemical abundances, brightness and
photosphere temperature.
Aims. To understand their evolutionary path, constrain their spatial distribution and test their formation rate in the context of population
synthesis results, we aim to increase significantly the number of known RCBs. To do so, we need first to create a list of targets of
interest rich in RCB stars, that will be subsequently followed-up spectroscopically to reveal their true nature. Fortunately, RCBs are
producing dust and are therefore surrounded by warm circumstellar dust shells. Using the all-sky 2MASS and WISE infrared surveys,
our goal is to discriminate RCBs among other dust-producing stars.
Methods. A series of selection criteria was applied to colour-colour diagrams and to the brightness of all objects catalogued. The
criteria were designed using all 102 known RCB stars. RCB spectral energy distribution models were also used to understand the
limits of the criteria and the possible bias in terms of shell temperature selected. The analysis was complicated by the unpredictable
photometric declines that RCB stars are known to undergo. Those events reddened drastically the photospheres of some RCBs that
were in decline at the time of the 2MASS epoch.
Results. With a detection efficiency of about 85%, our analysis selected only 2356 targets among the 563 million objects catalogued
in the WISE All-Sky survey. These targets were classified in order of priority for further studies. Only 375 targets form the priority
#1 group where the highest rate of discovery should be made.
Conclusions. We created a short list of targets of interest rich in RCB stars that supersedes a previously published one made from the
preliminary WISE data release. This list, published in the CDS Vizier database, will allow us to increase significantly the number of
known RCB stars, understand our selection bias and consequently study their origin.
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1. Introduction
R Coronae Borealis stars (RCBs) are hydrogen-deficient and
carbon-rich stars that came under the spotlight recently because
they are increasingly suspected of resulting from the merger of
two white dwarfs (one CO- + one He-WD) (Clayton 2012).
This double degenerate (DD) scenario has been strongly sup-
ported by the observations of an 18O over-abundance in their at-
mospheres (Clayton et al. 2007; García-Hernández et al. 2010)
and of surface abundance anomalies for a few elements, fluo-
rine in particular (Pandey et al. 2008; Jeffery et al. 2011). They
are therefore the favoured candidates to be the lower mass coun-
terpart of supernovæ type Ia objects in a DD scenario (Fryer &
Diehl 2008; Diehl et al. 2008). Detailed studies of their pecu-
liar and disparate atmosphere composition would help us to con-
strain simulations of such merging events (Jeffery et al. 2011;
Staff et al. 2012; Menon et al. 2013; Zhang et al. 2014). How-
ever, RCBs are rare supergiant stars known to possess a large
range of photosphere temperatures (from 4000 to 8000 K) (Tis-
Send offprint requests to: Patrick Tisserand; e-mail:
tisserand@iap.fr
serand et al. 2009; Tisserand 2012) and further studies will need
to probe each of those states. This large range of effective tem-
perature supports the scenario that, after the cataclysmic event
that creates an RCB, it goes through a supergiant phase which
then evolves from a cold to a warm state while the helium-rich
atmosphere contracts (Jeffery et al. 2011). Fortunately, RCBs are
also known to be very bright, −5 6 MV 6 −3.5 (Tisserand et al.
2009, Fig. 3), and, for most of them, to be surrounded by a warm
circumstellar dust shell with an observed temperature between
300 < Te f f ,shell < 1000 K (Tisserand 2012, Fig. 2). These two
characteristics facilitate their search nowadays with the ensem-
ble of photometric datasets available.
We plan to search for new RCB stars in two steps: first, by
selecting a short-list of objects from catalogues produced by two
all-sky near- and mid- infrared surveys, 2MASS1 and WISE2;
Second, by following-up spectroscopically, with some possible
support from photometric monitoring, each selected target to
decide on its nature. The spectroscopic follow-up survey has
1 2MASS: Two Micron All Sky Survey (Skrutskie et al. 2006)
2 WISE: Wide-field Infrared Survey Explorer (Wright et al. 2010)
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started with almost 500 targets observed already in a first run
of observations. The newly discovered RCB stars and their re-
spective spectra are listed and discussed in the coming article
Tisserand et al. (2018), named T18b hereafter. The present arti-
cle describes the first part, i.e. the analysis performed to retrieve
a short list of targets of interest. We describe therefore all the se-
lection criteria defined to optimise the rejection of WISE objects
without impacting too much on the RCB detection efficiency.
This analysis and the subsequent catalogue produced supersede
the ones presented by Tisserand (2012) (named T2012 hereafter)
that showed the feasibility of such a technique using the WISE
preliminary data release. This work has for objective to increase
the number of known RCB stars to understand their past evolu-
tion and to constrain their spatial distribution and age.
With an RCB phase lifetime of about 105 years, as predicted
by theoretical evolution models (Saio & Jeffery 2002), and an
estimated He-CO white dwarfs merger birthrate between ∼ 10−3
and ∼ 5×10−3 per year (Nelemans et al. 2001; Ruiter et al. 2009;
Karakas et al. 2015), we can expect between 100 and 500 RCB
stars to exist in our Galaxy.
In Section 2, we describe briefly the WISE survey and the
published catalogues. The analysis and the selection criteria are
defined in Section 3. In Section 4, we classify the selected targets
of interest in priority groups for further spectroscopic followed-
up, while in section 5 we present the catalogue we publish. Fi-
nally, we discuss in sections 6 and 7 respectively the status of
already published RCB candidates, and a summary of the out-
come of the analysis and the selected targets characteristics.
2. WISE All-Sky catalogue and Known RCB stars
The WISE Explorer mapped in 2010, during its full cryogenic
phase, the entire sky in 3.4, 4.6, 12 and 22 µm with, respectively,
angular resolutions of 6.1, 6.4, 6.5 and 12.0 arcsec and 0.08,
0.11, 1.0 and 6.0 mJy in point source sensitivities at 5 sigma
(Wright et al. 2010). The four WISE photometric bands will be
named hereafter [3.4], [4.6], [12] and [22]. After the publication
in 2011 of a Preliminary Data release3 (WISE-PDR1) covering
57% of the full sky area (Cutri et al. 2011), the All-Sky Data Re-
lease4 (WISE All-Sky) containing more than 563 million objects
was published in 2012 (Cutri et al. 2012) and it consequently su-
perseded the former one.
From the WISE-PDR1 catalogue, a short list of targets rich
in RCB stars was created. The selection criteria, based on RCB’s
circumstellar peculiar near- and mid-infrared colours, are de-
scribed in T2012. This first short list is now in its turn super-
seded by the sample selected from the present analysis using the
WISE All-Sky catalogue. There exists an obvious improvement
between the two WISE catalogues in terms of photometric depth
and sky area covered but there have also been refinements of
the detection and photometric algorithms applied. For example,
the WISE All-Sky detection algorithm used in a highly crowded
field has been upgraded and is now more efficient. Consequently
known RCB stars, such as OGLE-GC-RCB-1 & -2, that were not
catalogued in WISE-PDR1 are now listed in the WISE All-Sky
catalogue.
All 102 known RCB stars, 78 Galactic and 24 Magellanic,
have been catalogued in the WISE All-Sky release, as well as
4 Galactic and 6 Magellanic strong RCB candidates (Clayton
2012; Tisserand et al. 2013). Their WISE magnitudes and asso-
ciated 1-sigma errors are listed in Tables 1 and 2. They will all
3 http://wise2.ipac.caltech.edu/docs/release/prelim/preview.html
4 http://wise2.ipac.caltech.edu/docs/release/allsky/
be used as references for our search for new RCB stars, as well
as for RCB SED models.
We found small photometric zero-point shifts between the
two WISE catalogues: All-Sky−PDR1 ∼ −13, ∼ −4, ∼ 29 and
∼ −27 mmags respectively for the [3.4], [4.6], [12] and [22]
bands. These differences are small, but accumulated on colour-
colour diagrams, they would have had a significant impact on
the selection thresholds already defined in T2012 if not taken
into account (see Section 3).
Most known Galactic RCB stars are highly saturated in the
[3.4] and [4.6] bands. Fortunately, photometry was nevertheless
performed in these brightness ranges by fitting only the PSF
wings. However, particularly in the [4.6] band, it resulted in a
photometric bias for all objects brighter than about [4.6]< 6.5
mag (see section III.3.c of WISE All-Sky Release Explanatory
Supplement for more information). For the brightest objects, the
[4.6] magnitude could be over-estimated by almost 1 magnitude.
To correct for this effect, we used the same strategy as the one de-
tailed in Tisserand (2012, sect. 2.2.1) where from the fitted spec-
tral energy distribution (SED) of known RCBs, we estimated a
corrected [4.6]corr magnitude. We derived the following linear
correction formula for the WISE All-Sky dataset: [4.6]corr = 0.83
x [4.6]cat + 1.09. We applied this correction to all objects brighter
than [4.6]cat < 6.35 mag. For the brightest objects, [4.6]cat < 4
mag, we consider that we do not know the object brightness bet-
ter than 10%, and modified their respective WISE errors if they
were reported with a lower error.
We have chosen to use the WISE All-Sky catalogue instead
of the latest release, i.e. the ALLWISE catalogue (Mainzer et al.
2011), which was made after combining the data obtained during
the cryogenic and post-cryogenic survey (NEOWISE) phases,
for the following reasons. First, it is preferable when selecting
objects as highly variable as RCB stars to compare magnitudes
taken at the same epoch, representing therefore the same pho-
tometric state (photometric variations as large as ∼0.5 mag can
been observed at 3 microns). Second, the ALLWISE combined
dataset observations were made at different temperature states
of the spacecraft and the [3.4] and [4.6] photometric depths
changed following the depletion of the solid hydrogen cryogen
and subsequent warm-up of the detectors (see the Data Release
Explanatory Supplement5 for more information). Therefore the
photometric bias observed for saturated sources, mainly in [3.4]
and [4.6], has also changed and is therefore not uniform for all
measurements listed in ALLWISE. This is important as the ma-
jority of known Galactic RCB stars are saturated in those pho-
tometric bands. A correction of those biases would be highly
complicated to apply on the entire ALLWISE dataset, instead we
found a pragmatic solution with the entire WISE All-Sky cata-
logue as its dataset can be considered as homogeneous. Finally,
RCB stars are bright objects (all known RCBs are brighter than
9 mag in [12] - see top-right diagram in Fig. 1) and a deeper
dataset like ALLWISE does not improve our search (WISE All-
Sky magnitude limit: ∼13 mag in [12]). The magnitude limit
offered by the WISE All-Sky catalogue is sufficient to detect
Galactic and Magellanic RCB stars within about 50 kpc in all
four mid-infrared bands.
3. Analysis
RCB stars are so rare and so diverse in terms of photosphere and
circumstellar shell luminosities and temperatures that to obtain
a comprehensive view of RCB distribution over the entire range
5 http://wise2.ipac.caltech.edu/docs/release/allwise/
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of these parameters and of their spatial distribution we decided
to cast a wide net over the entire 2MASS+WISE databases. We
found that there exists a large number of detected objects that
are listed with valid measurements in only 6 of the 7 bands (3
2MASS + 4 WISE), the remaining one being an upper limit
value. This could be due to multiple technical or physical rea-
sons, but nevertheless some of these objects could be potentially
interesting. Indeed, we found that 5 known RCBs are in that sit-
uation: four are listed with only one magnitude limit value re-
ported in J band (EROS2-SMC-RCB-1, EROS2-LMC-RCB-6,
EROS2-CG-RCB-5 and MACHO-6.6575.13) and the remaining
one with only one such limit in the K band (ASAS-RCB-20).
We are particularly familiar with the hide and seek game played
by RCB stars themselves. The missing 2MASS measurements
could be due to a phase of a large photometric decline (which
can go up to ∼ 3.0 mags in J and ∼ 1.6 mag in K during a
maximum decline of ∆ ∼ 9 mag event observed in V (Clayton
et al. 2011)) or to a particularly high interstellar extinction at
low Galactic latitude. The case of ASAS-RCB-20 is particular
and due to confusion between multiple sources that the 2MASS
detector algorithm did not succeed to resolve. We therefore de-
cided to apply a specific series of selection criteria that target
also all these objects (see details in Section 3.2).
But first, we describe the main selection criteria that we ap-
plied to all catalogued objects that presented valid measurements
in all seven 2MASS+WISE bands and, to simplify our research,
are brighter than [12] < 12 mag. The [12] threshold was chosen
to be conservative as it is fainter than the faintest known Mag-
ellanic RCBs by 3 magnitudes (see [12] distribution in Fig. 1,
top-left). Using all known RCB stars, it is worth mentioning also
that the median of the SNR[12]6 distribution is higher by a factor
of two than the ones calculated for the three remaining WISE
bands. RCB stars are therefore most noticeable in that particu-
lar [12] passband. Of the ∼56 million WISE objects listed in the
All-Sky catalogue with a valid [12] measurement brighter than
12 mag, less than 40% possess valid measurements in all remain-
ing 6 2MASS+WISE bands. If one chooses a less conservative
[12] brightness threshold of 9 mag (i.e. corresponding to the [12]
brightness of the faintest known Magellanic RCBs), the number
of objects listed drop to ∼5.7 million, but the proportion of the
ones with a valid observations in all bands rise to ∼58%.
For the definition of our selection criteria, we used as refer-
ences 102 known RCB stars, as well as RCB SED models that
were calculated from hydrogen deficient models with a range of
photosphere temperatures (4000 K to 8000 K) and circumstellar
shell temperatures (300 K to 1200 K), from all star to all shell.
3.1. Description of the main selection criteria
We describe here each selection criterion in the order of applica-
tion. The association between the 2MASS and WISE catalogues
is already provided by the IRSA7 archive.
Cut 0 : We kept all objects that, first, were detected correctly in
each of the seven 2MASS+WISE bands and therefore possess
valid measurements in those bands, and second, were found to
be brighter than [12] < 12 mag. At this stage, three known
RCBs were rejected: V1157 Sgr because no measurements
were reported in both [12] and [22] passbands as it is located in
a part of the sky with, surprisingly, no observational coverage
6 SNR: signal-to-noise ratio
7 NASA/IPAC Infrared Science Archive: http://irsa.ipac.caltech.edu/
in those two passbands8; and MSX-SMC-014 and EROS2-CG-
RCB-8 that were too faint in the J and H 2MASS passbands.
About 21.5 million objects have passed these simple criteria,
i.e only 4% of the 563 million objects detected in the WISE
All-Sky survey.
Cut 1: The first colour-colour selection criterion was applied
on the J − H vs H − K diagram. It targets objects presenting a
high infrared excess as RCB stars possess warm circumstellar
shells that contribute significantly to the near-infrared fluxes.
This selection has already proved its high efficiency in previ-
ous studies. We used the same cuts as the ones described in
Tisserand (2012, Fig.6). They were defined as a function of the
Galactic latitude as the interstellar extinction affects these in-
frared magnitudes significantly. We have conveniently rejected
∼91% of all previously selected objects at this stage, however
five known RCBs were also not kept: ASAS-RCB-8, XXCam,
YMus, UVCas and OGLE-GC-RCB-2. For the first four RCBs,
the reason is the same: they are all warm RCBs (Te f f > 7200
K) and their respective shells are not thick enough to impact
on their near-IR magnitudes (see their SEDs displayed in Tis-
serand (2012); Tisserand et al. (2013)). However for OGLE-
GC-RCB-2, the situation is different. It clearly has a typical
thick shell, but OGLE-GC-RCB-2 is located near the Galactic
plane (b ∼ −1.9 deg) and is therefore impacted by a very high
interstellar extinction. On the J − H vs H − K diagram, it is lo-
cated just outside the selection limits adjusted for low Galactic
latitude (see Fig. 6 in T2012).
It is important and interesting to mention here that the main
locus of classical carbon stars (located at J − H ∼ 0.6 mag and
H − K ∼ 1.2 mag) is entirely rejected at this stage.
Cut 2: The second colour-colour selection was applied di-
rectly on the WISE measurements, and more specifically on the
[4.6]− [12] vs [12]− [22] diagram. It therefore focuses on RCB
dust shell temperatures. A similar criterion was used in T2012,
but we adjusted the selection thresholds here to better suit the
new photometric datasets and the known RCB stellar distribu-
tion. The selection area is illustrated in Figure 1 (bottom, left)
and the limits are the following:
1.1 < [4.6] − [12] < 3.5 and 0 < [12] − [22] < 1.35
and [4.6] − [12] > 1.5 × ([12] − [22]) + 0.05 (1)
Figure 1 shows four examples of the same [4.6] − [12] vs
[12] − [22] colour-colour diagram using four different object
subsamples for clarity. First, top-left, the positions of the known
RCB stars are indicated as well as the ones of a sample of cat-
alogued objects selected after cut #0. It shows that most RCBs
form a locus with mid-infrared colours that are uncharacter-
istic of ordinary catalogued objects. For the remaining three
graphs, the sample of objects chosen have passed the IR selec-
tion cut #1 and are brighter that [12] < 9 mag, i.e corresponding
closely to our reference sample of known RCBs (see, within the
top-right graph, the [12] mag distribution for the known RCBs
and for the selected WISE objects after cut #1). An elongated
feature appears near the RCBs locus, it corresponds to highly
enshrouded AGB stars with J − K > 2.5 mag. Most Galactic
8 There are still small gaps in the effective sky coverage be-
cause of the requirements of minimum data quality for individ-
ual Single Exposure that was used in the construction of the
WISE All-Sky Image Atlas and Source catalogue. Images can
be contaminated by scattered moonlight and other artefacts. See:
http://wise2.ipac.caltech.edu/docs/release/allsky/expsup/sec1_4b.html#gaps
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Fig. 1: Four graphs representing the same colour-colour [4.6]− [12] vs [12]− [22] diagram for different WISE sources subsamples.
See explanations in the text and within the figures. The [12] magnitude distribution represented inside the top-right graph corre-
sponds to the known RCBs (coloured bins, linear scale) and to the selection of WISE objects (grey bins, logarithmic scale). All
known RCBs, Magellanic or Galactic, are brighter than [12]<9 mag. The names and positions of all known and candidate RCB stars
that were rejected by the criterion cut #2 are indicated on the top-left graph.
known RCB stars are distributed over the redder part of that fea-
ture, while the Magellanic ones are more dispersed with more
than half being above this AGB clump ([4.6] − [12] > 2 mag).
It could possibly indicate that Magellanic RCBs have a thicker
circumstellar dust shells than their Galactic counterparts. More
studies will be necessary to understand this difference. We dis-
play on the bottom-right graph the theoretical colours of RCB
stars estimated from SED models. It shows that our selection
criteria cut #2 does not select RCBs with a cold shell tempera-
ture (Tshell < 400) or with a hot thin circumstellar shell.
A staggering 99% of objects, that passed the selection cut #1,
were rejected by that particular criterion, while five known
RCB stars were also not selected, i.e. ASAS-RCB-1, EROS2-
CG-RCB-12, DYCen, MVSgr and MACHO-11.8632.2507,
and 3 RCB candidates, i.e KDM 5651, OGLE-GC-RCB-
Cand-1 and [RP2006] 1631. DYCen, MVSgr, MACHO-
11.8632.2507 and OGLE-GC-RCB-Cand-1 have the specificity
to be located far from the main RCB locus on the [4.6] − [12]
vs [12] − [22] diagram. This is due to the presence of a second
cold dust shell around them. The RCB candidate KDM 5651
has a negative colour [12] − [22], but its [22] magnitude was
reported with a very large error of 0.4 mag indicating a very
large uncertainty in its [22] brightness. ASAS-RCB-1 and the
Article number, page 4 of 14
Tisserand, P.: Tracking down R Coronae Borealis Stars using the WISE All-Sky survey
Fig. 2: J − K vs J − [12] colour-colour diagrams with all objects selected after cut #2 and brighter than [12] < 9 mag, and with all
known and candidate RCB stars represented. On the left side, RCB SED models are also overlayed with a colour scale related to the
circumstellar shell temperature. The interstellar extinction arrow is also indicated, it shows that many RCB stars were indeed affected
by extinction at the time of the 2MASS epochs. This extinction has several components, the interstellar dust, the circumstellar dust
shell, and for a few examples, the high extinction due to newly formed dust clouds on the line of sight at the time of the observation.
RCBs observed under a high extinction phase have their 2MASS J magnitudes recorded with a magnitude limit. They are indicated
with a square. On the right side, the Magellanic extreme AGB stars are represented with orange dots (see fig. 3), all redder objects
are supposedly Galactic extreme AGBs affected by interstellar extinction. The selection area of cut #3 is delimited with red lines.
Four known or candidate RCBs that were not selected are marked with their names. This graph shows that all selected objects redder
than J − K >3.5 mag will be contaminated by extreme AGB stars. RCBs will also be even harder to find with such extinction.
Fig. 3: Colour-Magnitude diagrams [12] vs [12] − [22] and K vs J − K for respectively the remaining Galactic and Magellanic
objects sample selected after cut #3. The selection areas of cut #4 and cut #5 are delimited with red lines. All known and candidate
RCB stars are indicated also as a reference sample. The area where Magellanic extreme AGB stars were selected to be represented
in Fig. 2 is indicated in orange. See discussion in Section 3.1, cut #4 and cut #5 for more details.
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candidate [RP2006] 1631 are located near the selection limit
and both have a cold thick shell (Tshell ∼ 400 K or colder).
EROS2-CG-RCB-12 has a warm thin shell.
Cut 3: This criterion is less efficient than the previous ones,
as it rejects only 20% of the remaining sample (after cut #2),
but it is valuable as it targets mainly the common AGB stars.
The two graphs presented on Figure 2 show the distribution
of RCB stars and the remaining selected objects in the colour-
colour J − K vs J − [12] diagram9. The left one show that the
distribution of known RCBs does not follow very well the one
expected from the RCB SED models. Indeed, RCBs with J−K
colour higher than 2 mag are mostly located outside the area
covered by the SED models. This is due to the combination of
the interstellar reddening and the characteristic high reddening
that occurs when newly formed carbon dust clouds form on the
line of sight and therefore obscure the photosphere. RCBs that
have been observed under such sudden decline events are found
to have the highest J − K colour index.
The diagram on the right show the distribution of Magellanic
AGB stars and the selection criteria applied. They were de-
signed to remove a high fraction of these AGB stars, however,
for J − K > 3.5 mag, our sample will still be contaminated
by such objects. We found also that they have the negative ef-
fect of removing potential RCBs that may possess a warm dust
shell (Tshell > 900 K) and were also observed during a high
extinction phase or are located near the Galactic plane. This is
the case for two known RCB stars that did not pass the selec-
tion criteria: MACHO-308.38099.66 and EROS2-CG-RCB-12.
Two RCB candidates were also not selected: OGLE-GC-RCB-
Cand-2 + EROS2-LMC-RCB-8. However, the situation here
may be different as they are located in the diagram at the ex-
pected position of the AGB stars locus, and their respective
light curves show unusually large amplitude oscillations for
RCB stars. A more detailed discussion on their possible na-
ture is given in Section 6. Here are the limits of the selection
applied:
J − K 6 2.2 if (J − [12]) < 6 (2)
J − K 6 (3.0 × (J − [12]) − 7.0)/5 if (J − [12]) > 6 (3)
Cut 4: At this stage, we separated the selected sample into two
groups: the objects detected towards the Magellanic Clouds and
the remaining ones that formed our Galactic sample. It was a
necessary split as the following selection is on objects bright-
ness.
The first brightness selection focusses on RCBs’ shell bright-
ness using the [12] band as an indicator. The two graphs on
the left side of figure3 represent the colour-magnitude diagrams
[12] vs [12] − [22] for both samples. The applied selection cri-
teria are listed below in eq.4 and are represented on each graph.
They correspond to faint limits and are used only to remove a
group of faint red objects that are almost certainly all galaxies.
For the Magellanic sample, we decided to be less restrictive by
1 mag as the number of objects added was small.
These criteria have removed about 75% of remaining objects
selected after cut #3. None of the known RCB stars were elim-
inated at that stage.
9 For a better understanding of this colour-colour diagram, one can
also look at the Figure 7 presented in T2012, where the distribution of
objects coloured coded with their respective SIMBAD classification is
shown.
Galactic : [12] 6 −1.53 × ([12] − [22]) + 10.76
Magellanic : [12] 6 −1.53 × ([12] − [22]) + 11.76 (4)
Cut 5: Here we applied a selection cut on the photosphere
brightness. We used the K band as an indicator as it is the photo-
metric band that is the least affected by possible declines due to
newly formed dust clouds that obscured the photosphere. The
bright and faint limits are shown in the two colour-magnitude
diagrams represented on the right side of figure 3 and are also
listed in eq 5 below. For the Magellanic sample, the bright limit
was truncated at J − K > 3.3 mag to keep potential interest-
ing Galactic RCB candidates located on the line of sight of the
Magellanic Clouds but also to remove a group of AGB stars
concentrated in the bright red side of that diagram. About 28%
of the remaining objects were rejected at that stage, while keep-
ing all known RCB stars.
Both samples : K > 0.68 × (J − K) + 4.0
Galactic : K 6 0.68 × (J − K) + 13.0
Magellanic : K 6 0.68 × (J − K) + 9.7 if (J − K) > 3.3(5)
Cut 6: We applied here a selection using the yet unused remain-
ing information, i.e. the [3.4] WISE band. In a colour-colour
[3.4] − [4.6] vs [12] − [22] diagram, we found that there was a
possibility to clean up a bit more our sample by keeping all ob-
jects redder than [3.4] − [4.6] > 0.2 mag. This criterion targets
objects that one cannot justify to keep in the final catalogue
because they are bluer that the bluer edge of all SED models
calculated and of any known RCB stars (see Figure 4). Only
about a hundred objects were eliminated with that criterion.
Cut 7: Finally, we studied the distribution of the association
distance10 between the 2MASS and WISE catalogues. The
WISE technical document reports that the RMS accuracy of the
reconstructed positions with respect to 2MASS for unsaturated
sources with S NR > 50 in unconfused regions of the sky is ap-
proximately 200 mas on each axis. Our targets are very bright
stars located mostly in a crowded environment. We decided to
apply no cuts if the stars were brighter than [12] < 4 mag as
we observed a wide range of variation for the association dis-
tance, however, for fainter objects we requested that distance to
be lower than one arc-second.
3.2. Description of the specific criteria targeting objects listed
with upper limits
About 33.2 million objects, that are brighter than [12]< 12 mag
and have been detected in both [4.6] and [12] photometric bands,
were also reported with a null error in at least one of the remain-
ing bands : J, H, K, [3.4] and/or [22]. Understandably, for 29
million of them (∼ 87%), a magnitude limit was listed only for
the [22] band, the least sensitive of the WISE photometric bands.
We studied the 2MASS and WISE datasets more closely to anal-
yse the reality of the situation and confirmed that when only the
J or [22] bands are reported with upper limit values, the objects
were indeed predominantly not detected in these bands. How-
ever, in the following specific scenarios, when a measurement
was only missing in the H or K bands, or only in both J and K
bands, the related objects were in fact usually blended with one
or more nearby objects. They are detectable and indeed reported
10 http://wise2.ipac.caltech.edu/docs/release/allsky/expsup/sec2_2.html
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with a true measurement but without any accurate estimate of an
error. We have redesigned our selection criteria to suit each of
those scenarios. We described below the changes added in the
selection criteria for some specific cases :
Scenario 1: Objects listed with an upper limit in the H band.
The H band measurements are used solely in selection cut #1.
For that selection, we found that if an object as bright as its
magnitude limit in H would be selected, it would also remain
selected for any fainter reasonable magnitude. Therefore we
treated the H magnitude limit value as a classical measurement
when we applied the 7 selection cuts described in section 3.1.
Scenario 2: Objects listed with only an upper limit in the J
band. We decided to select such objects if they pass all 7 main
selection criteria at their magnitude limit value but also if they
would be 1 mag fainter. In practice, we decreased the lumi-
nosity by a step of 0.1 mag and tested the objects each time.
If an object was selected in all 11 steps (from 0 to 1 mag),
it was validated for the next selection step. More specifically,
we did not keep objects that present an upper limit in the J
band and are located near the Galactic center (|b| < 2 deg and
|l| < 60 deg). We considered that the search of RCB stars in
this highly crowded and extinguished area is better suited to
the VISTA/VVV (Minniti et al. 2010) and Spitzer/GLIMPSE
(Tisserand et al. 2011) datasets which have a better resolution
than respectively 2MASS and WISE. Outside that sky area, we
requested that such objects present a unique possibility of asso-
ciation between the 2MASS and WISE catalogues, and that no
blend was observed in WISE.
Scenario 3: Objects listed with an upper limit only in the [22]
band. An object that would be fainter than the given [22] upper
limit value would effectively have a bluer shell and would be
shifted on the left side of the colour-colour diagram presented
in figure 1. By shifting the reddest selection limit to the red side
by 1 magnitude:
[12]− [22] < 2.35 and [4.6]− [12] > 1.5× ([12]− [22])− 1.45)
(6)
and applying the criterion directly on the [22] magnitude limit
values, we have consequently widened the selection area and
kept objects that could be up to one magnitude fainter than the
[22] upper limit but still be potentially selected by the main se-
lection criterion (see cut 2). We also added a more stringent
shell brightness lower limit by requesting a strict brightness
threshold with [12] < 8 mag in selection cut 4. Finally, no blend
had to be reported in WISE and we added a stricter cut on the
colour [4.6] − [12] < 3 mag.
In conclusion, we added 385 targets to our final catalogue.
Only six of the known RCB stars and one candidate were re-
ported with at least one upper limit value. We list them here-
after with, in brackets, the photometric bands affected: MSX-
SMC-014 (J+H), ASAS-RCB-20 (K), EROS2-SMC-RCB-1 (J),
EROS2-LMC-RCB-6 (J), EROS2-CG-RCB-5 (J), EROS2-CG-
RCB-8 (J+H), and [RP2006] 1631(J+H). Only the first three
were selected by our specific criteria, the remaining four show
signs of being observed during a highly extinguished phase, cor-
responding to any combination of high RCB characteristic de-
cline events due to newly formed dust clouds on the line of sight,
high interstellar extinction and thick circumstellar shell.
3.3. Results
The summary of the selection criteria applied is listed in Table 3.
Out of the 102 Known RCBs used as reference, 15 were not se-
lected by our analysis. It corresponds to a detection efficiency
of 85%. This is an average efficiency that suits well the typi-
cal RCB stars with a photosphere effective temperature between
4000 < Te f f < 8000 K surrounded by a thick circumstellar dust
shell with a temperature between 400 < Tshell < 900 K. The
detection efficiency drops for RCBs with thin shell, but also for
any colder or warmer thick shells (see discussion of cuts #1, #2
and #3). Furthermore if some RCBs were observed by 2MASS
during a characteristic RCB phase of thick dust cloud formation
along the line of sight, it becomes more difficult to detect them.
First, because during these highly obscured phases, RCBs may
not be detected in 2MASS J and/or H passbands, but also, in
a second hand, if they would be detected, RCBs would get so
red that they may exit the selection area defined (see cut #3 and
fig. 3).
Due to the low resolution of 2MASS and WISE surveys (> 3
arcsec) and the high interstellar extinction, our efficiency is most
certainly lower in the highly crowded central part of the Galac-
tic bulge. The high brightness of RCB stars helps to not null
our efficiency in that region, but we estimated that it is nev-
ertheless strongly impacted in the sky area −2 < b < 2 and
−60 < l < 60 deg where the interstellar dust extinction reaches
AK > 3 mag. Higher resolution IR Surveys such as VVV-VISTA
and Spitzer/GLIMPSE will be of a tremendous help to probe that
part of the sky.
Overall, among the 563 million objects catalogued by WISE,
our final list of targets of interest, rich in RCB stars, contains
2356 objects, 2194 in the Galaxy and 162 in the Magellanic
Clouds. Their Galactic sky distribution is presented in Figure 5.
4. Understanding our sample and prioritising for
spectroscopic follow-up
The second stage of our search is to follow-up spectroscopically
each of the candidates selected. For that task, we arbitrarily clas-
sified them into 5 different groups of increasing priority.
We considered as the lowest priority, i.e. Group #5, all targets
that we found to have a genuine identification in the SIMBAD11
database. We carefully looked at the information reported for
each object selected and marked the ones that either have already
been reported with a genuine spectral type, or have been classi-
fied as Mira/OH-IR stars from specific radio survey or from op-
tical photometric monitoring datasets with strong bibliographic
support. We found also that our selection was contaminated by
some Emission stars, RV Tauri stars and also some young stellar
objects, TTauri or pre-Main Sequence stars. Naturally, we kept
all objects identified as carbon stars outside that group as new
observations with the same spectroscopic set-up as our on-going
follow-up survey are now necessary. Group #4 contains all ob-
jects that have been reported with a magnitude limit in at least
one of the seven photometric bands. We can expect that these ob-
jects are harder to follow-up as they are certainly either affected
by a strong blending with neighbouring stars or are undergo-
ing a strong extinction due to interstellar or circumstellar dust.
We should expect that some RCBs are heavily enshrouded or go
through a long period of high dust production. For examples, the
prototype R CrB has known a period of 10 years continuous de-
cline in the 19th century and V854 Cen was in a deep decline
lasting at least 50 years before it was discovered (Kilkenny &
Marang 1989; Lawson & Cottrell 1989).
The categorisation of the remaining three highest prior-
ity groups is explained with the colour-colour [3.4] − [4.2] vs
11 http://simbad.u-strasbg.fr/
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Fig. 4: Colour-colour [3.4] − [4.6] vs [12] − [22] diagrams. Top-left: distribution of all selected WISE targets of interest that have
a valid measurement in all 4 WISE bands. The diagram is colour-coded with the J − K colour index. Two groups of objects are
emerging; we are separating them arbitrarily into two zones, A and B (see text for more details). Top-right : the same sample of
objects is represented in grey, while all known and candidate RCBs are overlaid with large dots. Most RCBs are located in zone A.
Bottom-left: same diagram as the preceding except that the RCB SED models are added, colour coded with their shell temperatures.
Bottom-right: here all known RCBs are represented again by large red dots, while the large squares represent all the targets of
interest that have already been followed-up spectroscopically. They are colour coded respectively to their spectral classifications.
Fig. 5: Spatial distribution in Galactic coordinates of all selected
targets of interest.
[12] − [22] diagrams presented in Figure 4. In the top-left dia-
gram, one can clearly recognise two distinct clumps of objects.
We define two zones, A and B, to separate them. Interestingly,
most of the known RCB stars are found in zone A (see top-right
diagram). Using RCB SED models (bottom-left diagram), we
understand that RCBs located in zone B are the ones presenting
a thin shell (therefore undergoing a low dust production phase)
or having a thicker but colder shell than average (Te f f ,shell < 500
K), while, conversely, RCBs with more typical warm thick shells
are expected to be detected in zone A. Furthermore, looking at
the distribution of objects classified as Mira or OH-IR stars in
SIMBAD, and of the ones that we classified as such in our own
on-going spectroscopic follow-up survey (see bottom-right dia-
gram), we found that these principally occupy the top-left side of
zone B. With these observations in hand, we prioritised in third
position all objects located in zone B, i.e. Group #3. The targets
of this group should not be disregarded as some less common
RCB stars, that are useful to help to understand RCB’s evolu-
tion path, can be discovered amongst them. Monitoring photo-
metric surveys should be a very useful tool to detect and reject
Mira type stars from this sample as their characteristic periodic
large photometric oscillations are easily recognisable. RV Tauri
stars are also to be expected to be present as some of them, the
ones surrounded by dusty disks, show similar WISE colours (see
Gezer et al. 2015).
For the two highest priority groups, we separated targets
from zone A based on their J − K colour index as redder ob-
jects can be more difficult to follow-up due to high extinction
from interstellar or circumstellar origin, but also because these
redder targets are contaminated by extreme AGB stars (see cut
#3 in Sect. 3.1 and Fig. 2)). Group #1 includes therefore all ob-
jects located in zone A and bluer than J − K < 3.5 mag, and
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inversely, Group #2 gathers all redder objects (see top-left di-
agram). Among the targets listed in priority Groups #2 and #4,
some actually bright RCBs may be found, as they may have been
observed under a high extinction phase during the 2MASS epoch
and might have since come back to a bright phase.
Group #1 contains only 375 targets (329 in our Galaxy and
46 in the Magellanic Clouds). We consider that it should hold the
highest ratio of bona fide RCBs. Indeed, of the 102 known RCB
stars, 67 would be classified in Group #1. The first results of our
on-going spectroscopic follow-up survey are even more encour-
aging. Of the 145 Group #1 targets already observed, more than
25% of them have been determined to be carbon stars presenting
the typical CN and C2 features and no obvious sign of hydrogen
in their respective spectra (Halpha and the Balmer and Paschen
lines series or the CH, MgH bands). They are almost certainly
new RCB stars. The results of our analysis will be published in
the coming T18b article. On the bottom-right graph of Figure 4,
we plot all the ∼500 targets for which we have already obtained
a spectrum (they belong to all priority groups). From these spec-
tra, we identified the nature of each target and colour-coded our
classification. Many carbon stars overlay the area where most
known RCB stars are.
There are respectively 375, 463, 1005, 298 and 215 targets
reported in Groups #1 to #5. An identification number is given to
each target. This identifier was assigned depending on which pri-
ority Group and which sample, Galactic or Magellanic, the target
belongs. As that corresponds to 10 ensembles, each of them was
given an interval of 1000 units between 1 and 10000, starting at
1 for the Galactic sample and 5001 for the Magellanic one. For
example, the Galactic (resp. Magellanic) Group #1 targets are
ranked between 1 (5001) and 1000 (6000), Group #2 between
1001 (6001) and 2000 (7000), etc..
5. Description of the catalogue rich of RCB stars
We present a short version of the RCB enriched catalogue in Ta-
ble 4. The entire catalogue will be available through the VizieR12
catalogue service. Each target is listed with its identification
number related to its priority group and its own WISE identi-
fication. Then in the following order, one will find their equa-
torial and Galactic coordinates, as well as all their four WISE
and three 2MASS magnitudes with their associated 1-sigma er-
rors. The last three columns of the catalogue give information
listed by the SIMBAD13 database using a 3 arcsec matching ra-
dius: i.e. name, object type and spectral classification. When no
information was given, the number -99 is listed in replacement.
To simplify the coordination in the follow-up of each tar-
get, their respective status will be updated on a dedicated web
interface at http://www.rcb.iap.fr that reports all relevant infor-
mations: available light curves, spectra and/or observing charts.
6. Discussion on the status of previously published
RCB candidates and known RCBs
Ten strong candidate RCBs are listed in Table 2, some because of
photometric declines observed in their light curves but without
any spectroscopic confirmation, others because they show inter-
esting featureless mid-infrared spectra but no other information
yet to support their classification as RCBs. Interestingly, four
12 URL: http://vizier.u-strasbg.fr/viz-bin/VizieR
13 URL of object types as defined in SIMBAD (classifica-
tion version : 2015-08-11): http://simbad.u-strasbg.fr/simbad/sim-
display?data=otypes
of them were selected by the present analysis, i.e. GLIMPSE-
RCB-Cand-1, GLIMPSE-RCB-Cand-2, MSX-LMC-1795 and
EROS2-SMC-RCB-4. They are listed in our catalogue as pri-
ority Group #1 targets with respectively the following Ids: 188,
204, 5039 and 5005. Three of the remaining candidates, KDM
5651, OGLE-GC-RCB-Cand-1 and [RP2006] 1631, did not pass
the criteria imposed on the shell colours (cut #2, see discussion
within), and EROS2-LMC-RCB-7 was found to have similar K
brightness and J −K colour than Magellanic extreme AGB stars
(see Fig. 3). Its light curve, presented in Tisserand et al. (2009,
Fig.10 top-left), shows only a weak variation typical of a highly
enshrouded object. We think it is not an RCB star.
The last two rejected candidates, EROS2-LMC-RCB-8 and
OGLE-GC-RCB-Cand-2, have shown similar photometric be-
haviour than EROS2-CG-RCB-12. Their respective light curves
are presented in Tisserand et al. (2009, fig.10), Tisserand et al.
(2011, Fig. 5) and Tisserand et al. (2008, fig.9). Some sudden
and large declines (>3 mag) were observed on top of some large
amplitude periodic oscillations (∼1.5 mag) at maximum bright-
ness. These declines triggered their classification as possible
RCB stars, however their oscillations remain unseen in any other
RCB stars. The typical RCB amplitude is .0.1 mag (Lawson &
Cottrell 1997). Now, we found that, in the J−K vs J−[12]] (fig 2
right side), these three stars are located at the position where the
AGB-star locus lies, outside the main selection area chosen for
RCBs. Their real nature is therefore suspicious. Furthermore, the
light curve of OGLE-GC-RCB-Cand-2 shows only a slow recov-
ery phase, no photometric decline has ever been observed, and,
in regards to EROS2-LMC-RCB-8, it is brighter in K than any
other known Magellanic RCBs and located just near the main
distribution of AGB stars in the J vs J − K diagram (see Fig. 3).
However, they have all been spectroscopically observed and are
all cold carbon stars with no obvious hydrogen features. EROS2-
CG-RCB-12 even shows the Ca II triplet lines in emission, as
seen in RCB stars undergoing photometric declines. More inves-
tigations will be needed to understand if those stars are very cold
RCB stars or more classical carbon Mira type stars undergoing
dust production events similar to RCBs.
MACHO-308.38099.66 has also similar J − K and J − [12]]
colours to those last three stars, but its light curve (see Zaniewski
et al. (2005, fig.1b)) does not show any large amplitude oscilla-
tion. Two decline episodes of 2 mags were reported by the MA-
CHO survey, while the star presented small ∼0.1 mag pulsations
at maximum brightness. It was observed by 2MASS during the
second decline phase and is located at the Galactic coordinates
(+10.3,−2.9) where an interstellar extinction of AV ∼3.0 mag
is expected. MACHO-308.38099.66 is very likely an RCB sur-
rounded by a hot (> 800 K) circumstellar shell and found itself
to be located at the same place as the AGB stars locus because
of reddening effects.
7. Discussion and summary
We have created a new list of targets of interest rich in RCB
stars using the all sky 2MASS and WISE surveys. Further stud-
ies and spectroscopic follow-up are now needed to discover the
true nature of each of them. This list supersedes the one created
by Tisserand (2012) using the WISE Preliminary data release.
From the ∼563 million objects catalogued by the WISE All-Sky
survey, we selected only 2356 targets (2194 in the Galaxy and
162 in the Magellanic Clouds) that present similar near- and mid-
infrared colours and brightness to typical known RCBs. We used
102 known RCB stars as a reference sample and found that 85%
of them have passed all our selection criteria. This emphasises
Article number, page 9 of 14
A&A proofs: manuscript no. WISE_RCB-ALLSky
the high detection efficiency of our search. As we reach similar
efficiency in selecting known RCB stars in the Magellanic Cloud
as in the Galactic sample, we conclude that our search should al-
low us to detect any RCB stars located within ∼ 50 kpc from the
sun.
Using RCB SED models, we had a low detection efficiency
to RCBs that possess one of these three characteristics: (1) a
cold circumstellar shell (Tshell <400 K), (2) a very thin shell
as their SED would appear similar to classical F or G stars, or
(3) a second colder and thicker shell, like the one seen around
MV Sgr. Furthermore, we are less efficient at detecting RCBs
whose 2MASS epoch coincides with a phase of high photomet-
ric decline due to the formation of carbon dust clouds near their
photospheres. As reported in selection cut #3, it affects particu-
larly RCB that possess a warm shell or the ones that are already
affected by a high extinction in any combination of interstellar
and circumstellar origin. Finally, we note that we expect to be
less sensitive in the sky area −2 < b < 2 and −60 < l < 60 deg,
i.e. where the interstellar extinction is higher than AK >3 mag.
We report some bright targets in that region, but further work
with datasets obtained with surveys of higher resolution, such as
the VISTA/VVV and Spitzer/GLIMPSE surveys, should help us
to probe this crowded part of the sky more efficiently.
All 2356 targets of interest have been classified in five dif-
ferent groups to prioritise further spectroscopy follow-up. We
have respectively 375, 463, 1005, 298 and 215 targets reported
in Group #1 to #5, in order of priority. Group #1 is expected
to result in the highest proportion of new RCB stars discov-
ered. The majority of known RCBs would have been reported in
Group#1, i.e typical RCBs with a photosphere temperature be-
tween 4000< Tphot <8000 K and with a thick circumstellar shell
of temperature between 500< Tshell <900 K. Group #2 corre-
sponds to similar RCBs but with a higher J−K >3.5 mag colour
index indicating a high extinction. This Group is contaminated
by highly enshrouded AGB stars, but can also reveal uncommon
highly enshrouded RCBs, such as MSX-SMC-014 and EROS2-
SMC-RCB-4. Group #3 contains the highest number of targets
but is also highly contaminated by Mira type stars and RV Tauri
stars. Further selection within that sample would therefore be
useful to not misuse telescope time. It is indeed possible to re-
trieve Mira type stars using on-going monitoring surveys as they
show characteristic periodic photometric pulsations of large am-
plitude (> 1 mag). It is important to not disregard that sample as
one can find less common RCB stars that possess thinner than
usual circumstellar shells. Those RCBs would be indeed use-
ful to understand and constrain RCB’s evolution path. Group #4
contains all objects that were reported with at least a one mag-
nitude limit value in either the 2MASS or WISE catalogues. It
indicates most certainly that these targets are affected by a high
extinction or are strongly blended with neighbouring stars. Fi-
nally Group #5 contains all objects that are listed in the SIM-
BAD database having clear identifications. We kept them in case
of mis-classification, RCB stars being often confused with Mira
type stars when one uses a small photometric dataset (For exam-
ple, MSX LMC 1795 was classified as Mira). However, the clas-
sifications reported in SIMBAD clearly indicates that the main
contaminant in our final selected sample are: Mira/OH-IR stars,
Emission stars, RV Tauri stars but also some young stellar ob-
jects, TTauri or pre-Main Sequence stars.
A dedicated web interface, http://www.rcb.iap.fr, has been
created to be able to monitor the status of all the targets. The au-
thors invite everyone to report any informations, light curve or
spectra, that would allow them to identify RCB stars. As of to-
day, we have informations concerning 313 targets as being Mira
type objects from their light curve or spectrum. These targets do
not need to be follow-up any more and their status is indicated
on the website.
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Table 1: WISE-All-Sky magnitudes and related errors of catalogued RCB stars, confirmed and candidates.
Name [3.4] σ[3.4] [4.6] σ[4.6] [12] σ[12] [22] σ[22]
Galactic RCB stars
XX Cam 5.395 0.064 5.10a 0.032 3.453 0.015 2.837 0.020
SU Tau 4.829 0.078 3.56a 0.1 1.526 0.011 0.984 0.012
UX Ant 9.799 0.022 8.470 0.020 6.375 0.018 5.681 0.040
UW Cen 5.360 0.053 3.78a 0.1 1.490 0.007 0.623 0.011
Y Mus 8.112 0.023 7.844 0.021 5.879 0.015 4.621 0.032
DY Cen 10.427 0.022 9.173 0.021 4.132 0.013 2.340 0.009
V854 Cen 3.187 0.144 2.49a 0.1 0.533 0.007 0.381 0.008
Z Umi 5.994 0.051 5.02a 0.037 3.455 0.012 2.894 0.016
S Aps 6.057 0.053 5.67a 0.028 3.780 0.014 2.815 0.018
R CrB 3.455 0.140 2.37a 0.1 -0.498 0.020 -0.813 0.008
RT Nor 5.838 0.052 4.48a 0.048 2.901 0.011 2.583 0.018
RZ Nor 6.686 0.031 5.12a 0.036 2.879 0.015 2.045 0.018
V517 Oph 4.933 0.069 3.71a 0.1 2.096 0.010 1.577 0.014
V1783 Sgr 6.118 0.039 5.34a 0.027 3.169 0.014 2.297 0.018
WX CrA 6.227 0.039 5.34a 0.033 3.842 0.014 3.225 0.024
V739 Sgr 6.441 0.036 5.49a 0.029 3.854 0.015 3.191 0.021
V3795 Sgr 7.122 0.027 5.60a 0.024 3.081 0.013 2.375 0.017
VZ Sgr 7.392 0.026 6.458 0.019 4.962 0.015 4.249 0.027
RS Tel 7.068 0.030 5.79a 0.028 3.705 0.014 3.021 0.021
GU Sgr 5.951 0.056 4.71a 0.037 3.053 0.011 2.590 0.016
V348 Sgr 5.249 0.043 3.75a 0.1 2.046 0.012 1.342 0.017
MV Sgr 8.124 0.022 7.401 0.020 4.725 0.014 2.193 0.016
FH Sct 6.062 0.043 5.11a 0.037 3.625 0.015 2.977 0.022
V CrA 5.790 0.049 4.39a 0.1 2.310 0.010 1.566 0.014
SV Sge 5.588 0.060 5.30a 0.035 3.352 0.012 2.153 0.016
V1157 Sgr 6.288 0.043 4.94a 0.045 null null null null
RY Sgr 3.036 0.156 2.27a 0.193 -0.144 0.029 -0.561 0.018
V482 Cyg 5.835 0.055 5.23a 0.033 4.009 0.014 3.489 0.020
U Aqr 7.681 0.025 6.712 0.020 4.386 0.015 3.377 0.019
UV Cas 6.734 0.036 6.20a 0.022 4.218 0.015 3.066 0.022
ES Aql 5.939 0.050 5.00a 0.038 3.368 0.013 2.800 0.018
V2552 Oph 7.349 0.026 6.25a 0.021 4.787 0.015 4.255 0.025
V4017 Sgr 7.332 0.028 6.35a 0.020 4.691 0.010 3.925 0.020
V532 Oph 6.834 0.028 5.87a 0.024 4.221 0.015 3.611 0.023
NSV11154 8.083 0.023 7.099 0.020 5.183 0.015 4.351 0.025
AO Her 5.436 0.065 4.10a 0.1 2.371 0.007 1.797 0.009
ASAS-RCB-1 5.915 0.041 5.51a 0.029 3.703 0.014 2.423 0.022
ASAS-RCB-2 4.412 0.084 3.39a 0.1 1.755 0.012 1.140 0.011
ASAS-RCB-3 6.277 0.039 5.22a 0.033 3.774 0.014 3.261 0.018
ASAS-RCB-4 6.669 0.040 5.65a 0.031 4.172 0.014 3.723 0.020
ASAS-RCB-5 5.944 0.043 4.73a 0.038 3.293 0.011 2.696 0.021
ASAS-RCB-6 9.380 0.024 8.337 0.020 5.964 0.015 4.922 0.026
ASAS-RCB-7 7.120 0.030 5.92a 0.027 4.137 0.015 3.382 0.022
ASAS-RCB-8 9.481 0.023 9.277 0.021 7.669 0.028 6.718 0.163
ASAS-RCB-9 5.203 0.059 3.96a 0.1 2.199 0.013 1.530 0.019
ASAS-RCB-10 6.933 0.030 5.81a 0.027 4.329 0.016 3.931 0.023
ASAS-RCB-11 6.384 0.041 5.51a 0.027 4.210 0.015 3.675 0.023
ASAS-RCB-12 5.573 0.053 4.71a 0.040 3.153 0.013 2.469 0.019
ASAS-RCB-13 4.375 0.082 2.83a 0.1 0.677 0.016 0.175 0.008
ASAS-RCB-14 6.158 0.047 4.93a 0.038 3.166 0.013 2.511 0.020
ASAS-RCB-15 6.544 0.036 5.45a 0.032 3.844 0.014 3.207 0.027
ASAS-RCB-16 6.794 0.035 5.92a 0.023 4.445 0.015 3.979 0.022
ASAS-RCB-17 7.656 0.023 6.35a 0.022 4.391 0.014 3.667 0.022
ASAS-RCB-18 6.512 0.036 5.51a 0.030 3.843 0.015 3.056 0.018
ASAS-RCB-19 6.122 0.042 5.12a 0.038 3.327 0.011 2.641 0.020
ASAS-RCB-20 5.648 0.054 4.33a 0.1 2.203 0.008 1.309 0.014
ASAS-RCB-21 4.857 0.058 3.38a 0.1 1.323 0.011 0.592 0.014
IRAS1813.5-2419 6.469 0.033 5.77a 0.025 4.254 0.014 3.498 0.023
V391 Sct 8.069 0.023 7.119 0.021 5.421 0.016 4.787 0.031
MACHO-135.27132.51 8.312 0.023 7.022 0.021 5.067 0.014 4.236 0.025
MACHO-301.45783.9 8.515 0.024 7.167 0.020 5.382 0.014 4.544 0.025
MACHO-308.38099.66 7.639 0.022 6.509 0.020 4.850 0.014 4.016 0.024
MACHO-401.48170.2237 5.898 0.042 4.82a 0.042 3.440 0.015 2.806 0.023
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Table 2: Continue
Name [3.4] σ[3.4] [4.6] σ[4.6] [12] σ[12] [22] σ[22]
Galactic RCB stars - continue
EROS2-CG-RCB-1 6.628 0.036 4.94a 0.027 3.244 0.013 2.325 0.017
EROS2-CG-RCB-3 5.737 0.049 4.44a 0.055 3.148 0.012 2.533 0.016
EROS2-CG-RCB-4 6.423 0.034 5.34a 0.033 3.649 0.010 2.897 0.022
EROS2-CG-RCB-5 6.233 0.031 5.08a 0.022 3.817 0.009 3.080 0.019
EROS2-CG-RCB-6 7.104 0.029 6.00a 0.023 4.350 0.017 3.641 0.031
EROS2-CG-RCB-7 7.156 0.030 6.11a 0.021 4.621 0.014 3.911 0.026
EROS2-CG-RCB-8 6.999 0.029 5.88a 0.025 4.224 0.015 3.555 0.030
EROS2-CG-RCB-9 7.221 0.026 5.58a 0.026 3.464 0.012 2.613 0.023
EROS2-CG-RCB-10 6.747 0.034 4.82a 0.039 2.612 0.011 1.914 0.021
EROS2-CG-RCB-11 6.513 0.029 5.61a 0.020 4.152 0.009 3.476 0.021
EROS2-CG-RCB-12 8.044 0.023 7.385 0.019 6.485 0.013 6.254 0.063
EROS2-CG-RCB-13 6.815 0.032 5.67a 0.026 4.017 0.014 3.345 0.023
EROS2-CG-RCB-14 6.404 0.031 5.05a 0.032 3.337 0.010 2.640 0.015
OGLE-GC-RCB-1 6.683 0.035 5.72a 0.024 4.061 0.014 3.347 0.020
OGLE-GC-RCB-2 8.030 0.061 7.109 0.037 4.729 0.022 3.683 0.027
Magellanic RCB stars
HV 5637 11.780 0.024 11.101 0.020 8.319 0.017 7.422 0.055
W Men 9.998 0.022 9.138 0.020 7.966 0.016 7.577 0.078
HV 12842 10.568 0.023 9.131 0.020 7.036 0.015 6.303 0.029
MACHO-11.8632.2507 10.043 0.023 8.761 0.020 6.403 0.014 4.178 0.019
MACHO-81.8394.1358 10.807 0.023 9.658 0.020 7.891 0.019 7.400 0.067
MACHO-6.6575.13 9.898 0.021 8.355 0.019 5.922 0.012 4.926 0.019
MACHO-6.6696.60 10.427 0.023 9.141 0.020 6.815 0.016 5.707 0.025
MACHO-12.10803.56 10.269 0.023 9.356 0.020 7.738 0.015 6.954 0.034
MACHO-16.5641.22 10.030 0.023 9.042 0.021 7.304 0.016 6.779 0.049
MACHO-18.3325.148 10.475 0.023 9.205 0.020 7.090 0.015 6.467 0.058
MACHO-79.5743.15 9.993 0.023 8.606 0.022 6.785 0.016 6.285 0.042
MACHO-80.6956.207 10.253 0.024 9.136 0.020 7.481 0.019 6.834 0.039
MACHO-80.7559.28 9.695 0.022 8.786 0.020 6.959 0.015 5.859 0.030
EROS2-LMC-RCB-1 10.499 0.022 9.211 0.019 7.453 0.018 6.924 0.061
EROS2-LMC-RCB-2 10.918 0.024 9.741 0.020 7.462 0.019 6.933 0.081
EROS2-LMC-RCB-3 11.574 0.023 10.601 0.021 7.803 0.020 7.091 0.100
EROS2-LMC-RCB-4 9.981 0.023 8.541 0.020 6.671 0.015 6.137 0.031
EROS2-LMC-RCB-5 11.842 0.023 11.362 0.021 8.658 0.018 7.395 0.062
EROS2-LMC-RCB-6 10.591 0.023 9.073 0.021 6.885 0.015 6.085 0.034
ASASJ050232-7218.9 11.116 0.023 9.279 0.019 6.473 0.015 5.747 0.031
EROS2-SMC-RCB-1 11.000 0.024 9.775 0.021 7.957 0.018 7.494 0.098
EROS2-SMC-RCB-2 11.148 0.023 10.119 0.021 8.133 0.018 7.246 0.083
EROS2-SMC-RCB-3 9.807 0.023 8.458 0.021 6.552 0.015 5.874 0.034
MSX-SMC-014 10.269 0.024 8.690 0.020 6.365 0.014 5.378 0.028
Strong RCB stars candidates
OGLE-GC-RCB-Cand-1r1 7.011 0.030 6.07a 0.023 4.057 0.013 2.405 0.018
OGLE-GC-RCB-Cand-2r1 7.792 0.025 7.048 0.022 5.463 0.015 4.635 0.033
GLIMPSE-RCB-Cand-1r1 6.822 0.029 5.57a 0.025 3.992 0.013 3.463 0.018
GLIMPSE-RCB-Cand-2r1 5.689 0.059 4.48a 0.051 3.098 0.012 2.583 0.019
MSX-LMC-1795r2 10.03 0.023 8.577 0.02 6.414 0.016 5.317 0.031
[RP2006] 1631r3 10.738 0.023 9.644 0.020 7.707 0.017 6.371 0.045
KDM 5651r4 11.419 0.023 10.389 0.021 8.960 0.027 9.690 0.392
EROS2-LMC-RCB-7r5 9.577 0.022 7.965 0.020 5.504 0.014 4.373 0.021
EROS2-LMC-RCB-8r5 9.737 0.023 8.701 0.020 7.290 0.015 6.976 0.055
EROS2-SMC-RCB-4r5 11.538 0.023 9.519 0.019 6.697 0.014 5.585 0.028
a: [4.6] original magnitude was corrected for photometric bias observed at high saturation level (see Sect. 3)
r1: listed in Tisserand et al. (2011)
r2 = featureless mid-IR spectrum presented by Matsuura et al. (2014) and listed in Soszyn´ski et al. (2009) as OGLE LMC-RCB-21
r3 = featureless mid-IR spectrum presented by Woods et al. (2011)
r4 = Morgan et al. (2003) listed it as a strong RCB candidate due to its IR excess, its carbon star spectrum and the small decline
observed on its MACHO light curve. Another one was observed by OGLE-III (see Soszyn´ski et al. 2009, OGLE-LMC-RCB-20)
r5 = listed in Tisserand et al. (2009) due to their interesting light curves
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Table 3: Number of selected objects remaining after each selection criterion.
Selection criterion Number of WISE objects reported with Number of Known RCB stars
7 valid at least one upper known RCBs eliminated
measurements limit value in selected at that stage
J, H, K, [3] or [22]
0: [12]< 12 mag 21532159 33203403 101 V1157 Sgr
1: Cut on (J − H vs H − K) 1843558 1582645 95 ASAS-RCB-8, XX Cam, Y Mus,
OGLE-GC-RCB-2, UV Cas and
EROS2-LMC-RCB-6
2: Cut on ([4.6] − [12] vs [12] − [22]) 14315 243710 90 ASAS-RCB-1, DY Cen,
EROS2-CG-RCB-12, MV Sgr
and MACHO-11.8632.2507
3: Cut on (J − K vs J − [12]) G: 11301, M: 482 232899 89 MACHO-308.38099.66
4: Cut on ([12] vs [12] − [22]) G: 2568, M: 255 4279
5: Cut on (K vs J − K) G: 2024, M: 118 4204
6: Cut on ([3.4] − [4.6]) G: 1905, M: 112 2435
7: Cut on 2MASS-WISE Association G: 1862, M: 109 1736
Special supplementary cuts targeting objects with upper limit values in the J and/or [22] bands
8: Outside |b| < 2, |sl| < 60 deg 757 88 EROS2-CG-RCB-8
9: Strict cuts on blending 473 87 EROS2-CG-RCB-5
Final, without known RCBs and G: 2194, M: 162
the known HdC star HD 175893 -
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